Most malignant peripheral nerve sheath tumors (MPNSTs) exhibit combined inactivation of NF1, CDKN2A, and polycomb repressive complex 2 component genes (Embryonic Ectoderm Development [EED] and Suppressor of Zeste 12 [SUZ12]
M alignant peripheral nerve sheath tumors (MPNSTs) are rare neoplasms occurring mostly in adults and representing approximately 4% of all sarcomas. 1 About 50% of MPNSTs occur in patients afflicted by type 1 neurofibromatosis (NF1), whereas about 10% of cases arise secondary to prior radiotherapy (RT). 2, 3 The remaining 40% of cases occur without known predisposition and include both conventional/spindle and epithelioid cell variants. A 2-tiered grading system with low-grade (LG) and high-grade (HG) MPNSTs is used, with the LG end being characterized by neurofibroma (NF)-like tumors composed of a cellular proliferation of bland, back-to-back spindle cells that appear to be in a continuum with the so-called "atypical/cellular neurofibroma." 4, 5 Histologically, HG MPNSTs are characterized by an undifferentiated phenotype with limited, if any, evidence of schwannian differentiation at immunohistochemical (IHC) or ultrastructural levels. The majority of MPNSTs demonstrate a characteristic pattern of intersecting fascicles of relatively monotonous spindle cells with hyperchromatic nuclei, very high mitotic counts, and geographic areas of necrosis. This monomorphic spindle cell appearance is shared with other soft tissue sarcomas, chiefly monophasic synovial sarcomas (SSs) and adult-type fibrosarcomas among others. 4, 6 Rare morphologic variants include the pleomorphic type and MPNSTs with perineuriomatous differentiation. 4, 7 MPNSTs display limited expression of neural crest markers, such as S100 protein and Sox10, with only 30% to 39% and 49% to 67% of cases, respectively, showing positivity for these markers according to recent studies. [8] [9] [10] In contrast, epithelioid MPNSTs consistently show diffuse S100 protein positivity and loss of INI1/ SMARCB1 expression. Thus, accurate diagnosis of nonepithelioid MPNSTs outside the NF1 or radiation clinical history remains challenging because of lack of specific IHC and molecular markers.
Recently, our group and others demonstrated lossof-function somatic alterations in different components of the polycomb repressive complex 2 (PRC2) in the majority of MPNST cases. [11] [12] [13] These highly recurrent and specific inactivations of PRC2 components co-occurred with somatic alterations of CDKN2A and NF1. MPNSTs with PRC2 inactivation through EED or SUZ12 alterations showed consistent and complete loss of trimethylation at lysine 27 of histone H3 (H3K27me3) on IHC analysis. H3K27me3 represents an important intermediary of the PRC2 pathway of chromatin regulation. 14, 15 Although positive and negative H3K27me3 immunostaining was highly concordant with the genetic status of wild-type (WT) PRC2 components and homozygous loss of PRC2 components, respectively, 11 heterozygous loss of PRC2 components was not predictive of H3K27me3 immunostaining. In fact, analysis of H3K27me3 expression at a protein level appeared to be more accurate than DNA sequencing, as reflected by RNA sequencing and transcriptional clustering. On the basis of these findings, we sought to investigate the specificity and sensitivity of a new monoclonal H3K27me3 antibody as an ancillary diagnostic marker in MPNSTs.
MATERIALS AND METHODS
The diagnosis of MPNST was reviewed and confirmed on the basis of a constellation of findings including typical morphologic patterns, focal/patchy S100 protein/ Sox10 reactivity (defined as <20% of tumor cells) or nonspecific immunoprofile, presence of a preexistent benign peripheral nerve sheath tumor, and clinical history of NF1 or prior radiation. The typical morphologic picture defining a conventional HG MPNST is represented by a fascicular, monomorphic spindle cell proliferation with a "marbled" low-power appearance and areas of geographic necrosis. Tumors with these characteristics were classified as having "classic" morphology ( Figs. 1A, B ). The diagnosis of LG MPNST was defined by the abovedescribed morphologic features. Finally, examples exhibiting histomorphologic features that deviated from these classic LG and HG patterns were classified under MPNST with variant morphology, which mainly included tumors exhibiting pleomorphism (focal or diffuse) and a rare tumor showing small cell features, all these phenotypes being previously described in the literature. 5, 7 To accept a diagnosis of MPNST in the setting of nuclear pleomorphism other strict criteria were required, such as NF1 history, origin from a nerve or benign peripheral nerve sheath tumor, and/or focal S100 protein positivity (< 20%) in the absence of other markers. The epithelioid MPNST cases displayed distinctive morphologic features with solid or nested growth of purely epithelioid cells, showing diffuse and strong S100 protein positivity and INI1/SMARCB1 loss. An effort was made to include cases with a complete IHC workup available for review, as well as cases with additional material for IHC analysis. The study was approved by the Institutional Review Board of both institutions.
MPNST Patients and Tumor Samples
Our cohort consisted of a total of 68 samples from 58 MPNST patients, with 44 patients being previously included in the study by Lee et al. 11 The selection of MPNST cases in that study was based on typical morphology, matching immunoprofile, and clinical findings, double-blinded from the molecular results. We centered our investigation on the prior MPNST study group to correlate the IHC findings of a new anti-H3K27me3 monoclonal antibody with the specific genetic alterations of PRC2 components and investigate the concordance with a previous IHC analysis using a H3K27me3 polyclonal antibody 11 (see antibody characteristics). The study was further expanded with additional MPNST cases, as well as other entities frequently included in the differential diagnosis. There were 3 groups of samples included: from patients with NF1, from patients with a history of RT to the tumor site, and from patients without any prior history (sporadic). An effort was made to include matched samples from the same patient exhibiting different morphologic features and/or from different time points. Thus, when available we included NF-MPNST pairs from the same resection, including examples of socalled atypical NFs (when possible in near proximity), areas of different morphology (classic MPNST, pleomorphic MPNST, and tumors with divergent differentiation component), matched primary-metastases, as well as multiple primary MPNSTs arising in the same patient.
There were 32 male (55%) and 26 female (45%) patients, with an overall mean age at diagnosis of 42 years (range, 2 to 76 y). The average age at diagnosis varied depending on the clinical setting of MPNST. The NF1related MPNST patients presented at a younger age, with a mean of 37 years (range, 2 to 59 y), whereas the patients with sporadic MPNST presented at a mean age of 48 years (range, 28 to 76 y). In RT-related MPNST patients, tumors presented at an older age, with a mean of 51 years (range, 32 to 75 y). Five epithelioid MPNST patients were included, with a mean age of 37 years (range, 26 to 59 y). There were 27 NF1 MPNST patients (47%), 15 patients with sporadic MPNST (26%) and 11 patients with RTrelated MPNSTs (19%). The 5 patients with epithelioid MPNSTs (9%) were grouped separately from those with conventional spindle cell sporadic MPNSTs.
Control Groups of Tumors Included in the Differential Diagnosis of MPNST
To test the specificity of this marker, we analyzed different entities that are often considered in the differential diagnosis of MPNST, as well as miscellaneous tumors as controls. This process was carried out by applying a monoclonal anti-H3K27me3 antibody to tissue microarray (TMA) slides as well as to whole-tissue sections (WTS) with examples of such entities. The majority of sarcoma tumor samples were obtained from the Memorial Sloan Kettering Cancer Center Pathology Department, whereas the melanoma samples were derived from Moffitt Cancer Center Pathology Department. A TMA containing a total of 53 cutaneous melanomas from the same number of patients was tested, including 51 primaries/recurrent lesions and 2 metastatic tumors to the lung. The melanoma cases were subdivided into 37 pure desmoplastic melanoma (DM) variants, 11 mixed DM with spindle and epithelioid components, and 5 spindle cell melanomas (SCM). All but 8 (15%) melanoma tumors (1 SCM, 2 pure DM, and 5 mixed DM/SCM) showed evidence of a melanoma in situ component. Immunoprofile data were available in all cases with the exception of 4 pure DM cases (7%), all of which showed melanoma in situ as well as classic pure DM features, both histopathologically (hypocellular proliferation of bland spindle cells in a sclerotic/myxoid stroma) and clinically (lack of lymph node metastases). All 48 tumors with available IHC exhibited diffuse and strong S100 positivity, and 24 of these tumors also showed the classic loss of Melan A and HMB45 staining. In addition, a TMA containing a large number (113) of SSs, including monophasic, biphasic, and poorly differentiated samples, was also studied. Also included were 6 soft tissue myoepithelial tumors (WTSs), 5 of them carrying the characteristic EWSR1 or FUS gene rearrangements. We investigated a TMA of 123 gastrointestinal stromal tumors (GISTs) from 113 patients, as well as WTS from KIT-mutant adult GIST, SDHB-deficient WT pediatric and adult GIST (13 cases), and KIT-negative dedifferentiated GIST (1 case). Finally, TMAs containing 75 liposarcomas (31 well differentiated and 44 dedifferentiated) and 63 myxofibrosarcomas (MFSs) (both LG and HG), as well as 6 WTS of ossifying fibromyxoid tumors (OFMTs), were tested.
H3K27me3 IHC
IHC for H3K27me3 was performed utilizing rabbit monoclonal antibody, clone C36B11 (1:200 dilution; Cell Signaling Technology, Danvers, MA). All immunostaining studies were performed on a Leica Bond-RX and Bond-3 automated stainer platform (Leica, Buffalo Grove, IL) employing a polymeric secondary detection system (Refine; Leica), using diaminobenzidine as a chromogen. The immunostaining protocol was tested and optimized using samples from our pervious MPNST study using a rabbit polyclonal anti-HeK27me3 antibody (07-449; EMD Millipore, Billerica, MA). 11 C36B11 was tested on TMA and WTS slides. Evaluation of the C36B11 IHC signal was recorded as positive/partially negative/negative according to the status of the nuclear signal, and the proportion of lesional cells showing lack of nuclear staining with the marker was also semiquantitatively recorded as complete (Z95%) or partial (< 95%) loss of staining. The presence of positive internal controls (endothelial cells, stromal cells, and/or inflammatory cells) was strictly required to assess the IHC signal; samples not reaching this standard were excluded. The unpaired t test was used to assess for correlation between the different morphologic variables and H3K27me3 status.
RESULTS

Clinicopathologic Features
A total of 68 MPNST samples from 58 patients were included in the study. Most samples (84%) originated from primary or recurrent lesions, whereas in 16% the available material was obtained from the metastatic lesions. The primary tumors were located in the limbs in 22 (37%) cases (upper limbs, 10; lower limbs, 12), in the trunk in 15 (26%) cases (11 paravertebral and 4 chest/mediastinum), in the abdominal region in 15 (26%) cases (retroperitoneum, 8; pelvis, 5; abdominal wall, 2), and in the head and neck in 5 (11%) cases. The majority of metastatic samples were located in the lung (9 cases), with 1 each in the mediastinum and adrenal gland. The primary lesions from which these metastases originated occurred in the lower limb (5 tumors), upper limb (2 tumors), and in the retroperitoneum and sacrum (1 each). Eighteen samples (26%) were status post prior chemoradiation therapy. In addition, 11 NFs were included, 8 being away from and 3 adjacent to the MPNST (evaluated in the same tissue section).
Of the 63 conventional (nonepithelioid) MPNSTs, 60 tumors (95%) showed an HG MPNST morphology, with the majority (72%) exhibiting a classic phenotype (Figs. 1A 
The Majority of Sporadic and RT-related MPNSTs Showed Loss of H3K27me3 Expression
IHC evaluation with the anti-H3K27me3 monoclonal antibody revealed that 69% (n = 47) of MPNST (Fig. 1C , right aspect of picture). In contrast, the majority of both sporadic and RT-related MPNSTs showed loss of H3K27me3 expression, in 95% (17/18) and 91% (10/11) of cases, respectively. Only 1 of the sporadic MPNST showed partial loss of H3K27me3 (MPNST41). All 5 epithelioid MPNSTs retained H3K27me3 expression ( Fig. 2F ). See Table 1 for a summary of results.
There was no correlation (P = 0.25) between the presence of pleomorphic histology (n = 17) and the anti-H3K27me3 IHC status, with 12 (70%) tumors showing loss of H3K27me3 (11 total and 1 partial) and 5 retaining expression. When considering the different MPNST subgroups, differences can be noted with half of these cases occurring in the NF1 setting (n = 4) showing loss of (31) perhaps of the mutational status of PRC2 gene components. More than half (58%) of our conventional HG MPNST cohort exhibited at least focal positivity for S100 protein, whereas the remaining (42%) was completely S100 protein negative. No relationship was detected (P = 0.33) between the presence/absence of S100 immunostaining and the H3K27me3 IHC/PRC2 mutational status. The 2 retroperitoneal sporadic tumors (MPNST30 and 31) were negative for MDM2 and CDK4 immunoexpression. All 5 epithelioid MPNSTs were diffusely S100 protein positive, and 2 of the tumors tested with INI1/SMARCB1 (MPNST54, 58) also showed loss of expression of this marker.
Loss of H3K27me3 Expression Correlates With Genetic Alterations of PRC2 Components
The great majority of the MPNST cases with available molecular data (93%, 50/54) showed a good correlation between the H3K27me3 expression pattern (C36B11 immunostaining) and the PRC2 component genotype (EED and/or SUZ12). Cases with complete loss of C36B11 immunoreactivity correlated with either homozygous gene losses or point, frameshift, or splice mutations and structural variations, occurring alone or in combination with heterozygous losses. The "mosaic" pattern of partial loss of H3K27me3 expression detected in 4 NF1-related MPNSTs was associated with a SUZ12 heterozygous deletion and a WT EED in 3/4 cases, whereas a WT SUZ12 and EED heterozygous loss was found in the remaining case. No molecular data were available for the sporadic MPNST case showing partial loss of staining. Although H3K27me3-retained expression was seen in the majority of the WT/WT EED/SUZ12 genotype, there were 4 NF1-related tumors (MPNST16.1, 16.2, 17, and 18.1) in which discordant IHC/molecular results were found. Whereas the first 2 (16.1 and 16.2) showed lost H3K27me3 expression with a WT/WT EED/ SUZ12 status, the other 2 exhibited diffuse H3K27me3 immunoreactivity in the presence of a SUZ12 heterozygous gene loss. A concordant pattern of WT/WT EED/ SUZ12 profile and retained H3K27me3 expression was seen in all NF examples (n = 8) tested. For a complete list of the clinicopathologic findings and the mutational status of EED and SUZ12 please see Supplementary Tables 1 to 4 (Supplemental Digital Content 1, http:// links.lww.com/PAS/A321).
When comparing immunoreactivity of the monoclonal antibody C36B11 with that of the polyclonal antibody used in our previous study, only 2/52 (4%) MPNST tumors and NFs were found to demonstrate discordant immunoreactivity 11 (immunopositive with polyclonal antibody, immunonegative with C36B11 monoclonal antibody). Although there was an excellent correlation of the immunostaining of the 2 antibodies, the signal to noise ratio was superior with the monoclonal H3K27me3 antibody, which showed a crisper appearance with less background staining. This feature appears particularly important in the context of evaluating an IHC stain for loss of signal.
Intertumoral Heterogeneity of PRC2 Component Aberrations and H3K27me3 Expression Was Observed in Rare NF1-related MPNST Cases
Two examples in this category require a more detailed discussion. The first NF1-related MPNST exhibited different H3K27me3 expression patterns as well as different PRC2 component mutation profiles in the primary tumor (MPNST11.1) compared with the metastasis (MPNST11.2). Whereas the primary tumor exhibited complete loss of H3K27me3 expression due to an EED frameshift mutation and a SUZ12 heterozygous deletion, the metastatic deposit showed a WT EED and SUZ12 heterozygous deletion associated with partial loss of H3K27me3 expression.
The second NF1-related MPNST (MPNST15) developed 3 distinct soft tissue HG MPNSTs, with tissue available for IHC analysis of all lesions and molecular data available for analysis of 2/3 lesions. Morphologically, 1 tumor showed a classic HG phenotype with focal pleomorphism (MPNST15.1, retroperitoneum) (Fig. 3A) , the second exhibited a classic HG phenotype (MPNST15.3, abdominal wall) (Fig. 3D) , and the third primary was a pleomorphic MPNST (MPNST15.4, thigh) ( Fig. 3E ). Both the MPNST with focal pleomorphism (MPNST15.1) and the classic HG MPNST (MPNST15.3) showed complete loss of H3K27me3 (Figs. 3B, D) , with MPNST15.1 harboring an SUZ12 frameshift mutation and heterozygous loss. The predominantly pleomorphic MPNST (MPNST15.4) revealed retained H3K27me3 expression ( Fig. 3F ), correlated with a WT/WT EED/ SUZ12.
H3K27me3-retained Expression on IHC Study in All Look-alike Spindle Cell Neoplasms Tested and Other Miscellaneous Tumors
All tumors included as controls (see the Materials and methods section) exhibited positivity with the monoclonal antibody C36B11 to H3K27me3 (Fig. 5) . A peculiar nucleolar pattern of signal accentuation was observed in some cases, particularly of SS (Fig. 5C ) of uncertain significance. For a summarized display of these data, please refer Table 2 .
DISCUSSION
The diagnosis of MPNSTs remains challenging and somewhat arbitrary because of its nonspecific morphologic features and lack of pathognomonic ancillary IHC and molecular diagnostic markers. As a consequence, a high interobserver variability exists, even among experts, particularly when MPNST is encountered outside the known predisposing conditions (NF1, RT). Historically, the finding of either focal S100 positivity in 50% to 90% of cases [16] [17] [18] [19] or frequent allelic losses (20% to 50%) of NF1 in a background of complex karyotypes 20 was considered consistent but relatively nonspecific features in these tumors. A more definitive diagnosis of MPNST was traditionally rendered in the context of particular clinical settings, such as in individuals affected by NF1 and tumors arising in a previously radiated area. When confronted with cases outside this clinical background (ie, in sporadic cases), the diagnosis of MPNST was often made on the basis of matching morphologic features, patchy S100 protein immunostaining, possible involvement of a nerve structure, and quite frequently as a diagnosis of exclusion from other spindle cell neoplasms.
A recent study from our group 11 characterized novel molecular aberrations in MPNSTs that affected the EED (11q14.2-q22.3) and SUZ12 (17q11.2, formerly known as JJAZ1) genes, both of which code for homonymous proteins that form part of the PRC2. These aberrations were present in the majority (80%) of MPNSTs arising in a variety of clinical settings, such as NF1, RT, and sporadic scenarios, being in most cases mutually exclusive. These results were also independently confirmed and replicated by others. 13, 21 The EED and SUZ12 gene products, along with EZH1 and EZH2, constitute the core of the PRC2 complex and are chiefly responsible for the dimethylation and trimethylation of lysine 27 of histone H3 (H3K27me2 and H3K27me3), important epigenetic mediators of PRC2 function. 14, 15 PRC2 is heavily involved in chromatin compaction, heterochromatin formation, chromosome X inactivation, and polycomb-mediated gene silencing. 22, 23 Interestingly, SUZ12 somatic recombinations have been described in patients with NF1 mosaicism, 24, 25 which in part may explain the mosaicism encountered in our NF1related cohort.
Our initial study showed that PRC2 inactivation through mutations in EED and SUZ12 induced loss of H3K27me3 IHC expression using a polyclonal antibody. 11 On the basis of these findings, we sought to investigate the performance of a new monoclonal H3K27me3 antibody as an ancillary diagnostic marker in MPNST. Thus, we expanded the initial MPNST cohort as well as investigated a large spectrum of lesions typically included in the differential diagnosis of MPNST. Our results showed loss of H3K27me3 expression in 69% of all MPNSTs (NF1, RT related, sporadic, and epithelioid). In isolation, this result appears to have an equivalent diagnostic value to S100 protein or Sox10 IHC staining. However, when considering the different MPNST clinical subsets, loss of H3K27me3 expression emerges as a highly sensitive marker, being seen in most RT-related and sporadic MPNSTs. This finding reinforces the pathologic and molecular identity of MPNSTs even in less-defined diagnostic circumstances, such as in non-NF1 patients. Although it remains uncertain why NF1-related HG MPNSTs showed the lowest incidence of molecular PRC2 complex abnormalities and exhibited loss of H3K27me3 expression in only 60% of cases, from a practical diagnostic viewpoint this particular clinical subset is rarely in need of a more definitive ancillary marker, as the majority of HG spindle cell sarcomas occurring in an NF1 patient are considered de facto MPNSTs. In addition, in this context most MPNSTs occur nearby or in association with an intraneural or plexiform NF. This scenario is obviously very different in the absence of NF1 clinical history, where the high performance of anti-H3K27me3 IHC could indeed validate the diagnosis of MPNST, otherwise being labeled by default as an unclassified spindle cell sarcoma. Fortunately, the finding of loss of H3K27me3 expression had the highest sensitivity in this particular group with 94% of sporadic and 91% of RTrelated MPNSTs. All 5 epithelioid MPNSTs exhibited retention of H3K27me3 expression, further reinforcing that most of these tumors have distinct morphologic, IHC, and molecular features, compared with classic nonepithelioid MPNSTs.
In 50 of 54 (93%) MPNST cases with available IHC and molecular data the H3K27me3 expression status correlated with the EED and/or SUZ12 genetic aberrations. The 4 cases harboring discordant molecular/IHC results were NF1-related MPNSTs. In addition, 1 NF1 patient developing multiple MPNST primaries showed intertumoral heterogeneity at morphologic, H3K27me3 expression and molecular levels. Our study also attempted to investigate the impact of the histologic spectrum of MPNSTs, mostly represented by various degrees of pleomorphism, which typically falls outside the rigidly defined histologic phenotype of MPNST. When focusing on the 17 cases with pleomorphic features, although there was no correlation with the mutational status of the PCR2 components, 70% of these cases showed H3K27me3 loss of expression, particularly the tumors arising in the sporadic (5/6) and RT-related (3/3) clinical settings. Thus, the lack of anti-H3K27me3 staining may help in the diagnosis of MPNSTs with variant morphology, particularly in non-NF1 cases. Most MPNSTs with divergent differentiation demonstrated loss of H3K27me3 expression in the homologous component, with concurrent loss in the divergent component in a subset of cases. However, in 2 MPNSTs with 2 divergent components, whereas the "homologous" portion demonstrated mutations of EED and SUZ12 and concurrent loss of H3K27me3 expression, H3K27me3 positivity was retained in one of the heterologous elements, reinforcing the intratumoral genetic heterogeneity observed in some cases.
To determine the specificity of the H3K27me3 loss of expression in the context of the differential diagnosis of MPNST, we have investigated the pattern of expression of this marker in a large cohort of look-alike lesions. SS and MPNSTs share similar morphologic features, being composed of monomorphic, undifferentiated spindle cells, tightly packed in intersecting long fascicles. As this morphologic overlap can be quite significant, ancillary methods are often required for a definitive diagnosis. IHC analysis for S100 protein has limited utility in this context, as SS might show patchy reactivity ranging from 15% to 38%. [8] [9] [10] 26 Although recently 2 additional reliable IHC markers were added in this differential diagnosis-namely, Sox10 and TLE1-their low sensitivity and specificity have perpetuated the diagnostic challenges. Sox10 is positive in only 67% of MPNSTs, while also being present in 7% of SS cases, particularly in intraneural lesions. 8, 27 Similarly, the TLE1 antibody, initially hailed as a sensitive and specific marker for SS, [28] [29] [30] experienced a subsequent waning of its specificity in later studies, 31 including focal positivity in up to 30% of MPNSTs. 29, 31 Interestingly, MPNST can potentially express epithelial markers such as focal AE1:AE3 and low-molecular weight keratins, 32 and the MPNST with perineurial differentiation will consistently express epithelial membrane antigen. 33, 34 The most reliable test in this differential diagnosis has been detecting the t(x;18) translocation in SS, either by reverse transcription polymerase chain reaction of the SS18-SSX1 or SS18-SSX2 gene fusions or by fluorescence in situ hybridization assay for SYT gene rearrangement. 35, 36 Nevertheless, molecular testing is not always available, and a prior controversial study has illustrated some of the pitfalls interpreting molecular results, which erroneously suggested that the t(x;18) translocation is not specific for SS but can also occur in MPNST or NFs. 37 Our results suggest that H3K27me3 IHC might serve as an additional useful discriminating marker outside the NF1 setting, as all of the SS cases tested (n = 113), including monophasic, biphasic, and poorly differentiated examples, retained expression of this marker. A recent study showed that neurofibromin C-terminus (NFC) antibody, against the protein product of the NF1 gene, is a reliable ancillary marker that differentiates MPNST from other spindle cell neoplasms. 38 As the majority of both NF1 and sporadic MPNSTs show NF1 gene mutations, NFC expression is lost in 88% and 43% of cases, respectively. In contrast, all SS cases included in the study (0/22), among several other spindle cell proliferations, showed retention of NFC staining. The differential diagnosis of MPNST from SCM/ DM is also very challenging, especially as these melanoma variants, particularly pure DMs, show no or little expression of melanocytic markers, such as MiTF, Melan A, and HMB45. Although most DM and SCM cases are immunoreactive with S100 protein and Sox10, 8, 10, [39] [40] [41] loss of expression of these markers can occasionally be found, 41, 42 particularly in metastatic cases and when the rare phenomenon of dedifferentiation ensues. 43, 44 Altered PRC2 components may also play a role in melanoma progression, and they appear to be overwhelmingly composed of activating EZH2 mutations. 45 Consequentially, a recent study 46 demonstrated an overexpression of H3K27me3, particularly at the tumor front region, in superficial spreading, as well as in nodular, acral, and lentigo maligna melanoma tumors, with no cases of DM/SCM being included in that publication. In this study, all of the DM/SCM melanoma samples tested with H3K27me3 IHC analysis demonstrated retained expression.
Another potential problem is distinguishing deepseated MPNSTs arising in the trunk or retroperitoneum from a dedifferentiated liposarcoma (DDL), particularly in the 10% to 15% of cases of DDL that will only show an HG spindle cell component. Similarities between DDL and MPNST include a nonspecific immunoprofile, a similar monomorphic spindle cell tumor morphologic picture, and the presence of occasional DDL cases (5% to 10%) with divergent differentiation, including rhabdomyosarcomatous elements. 47, 48 Nevertheless, although the diagnosis of DDL can be reliably confirmed in most cases by demonstrating either the IHC overexpression or gene amplification of MDM2 and CDK4, 49 we believe that anti-H3K27me3 IHC could also be helpful in this context. The entirety of liposarcoma samples tested in this study, including 44 examples of dedifferentiated tumors, retained H3K27me3 expression.
Occasionally, GIST might be considered in the differential diagnosis of MPNST, particularly in the NF1 setting, where both GIST and MPNST can occur. Of note, most GISTs in the NF1 setting lack KIT/PDGFRA mutations, but they typically express diffuse and strong CD117 reactivity. 50, 51 Rare documented examples of KIT-independent imatinib-resistant GISTs may be seen to lose CD117 expression and show divergent differentiation toward a rhabdomyosarcomatous component. 52 Our results reveal that none of the GIST samples tested (n = 123), spanning a large clinical and molecular spectrum, showed loss of H3K27me3 expression, adding a potential extra tool when confronted with this differential diagnosis.
Additional spindle cell lesions included in our study were MFS and OFMTs. All of our control cases of MFS and OFMT were immunoreactive with anti-H3K27me3.
In summary, our work advocates the utility of IHC analysis of H3K27me3 as a new and robust diagnostic tool in the armamentarium of soft tissue surgical pathology, in particular in the differential diagnosis of MPNSTs. In certain clinical contexts, such as RT-related or sporadic MPNSTs, loss of H3K27me3 expression emerges as a reliable ancillary marker, with excellent sensitivity and specificity. A lower level of sensitivity of this marker transpires in NF1-related MPNSTs, which is linked to a lower incidence of PRC2 inactivation. None of the entities included in the control groups, which are the most frequent considerations included in the differential diagnosis of MPNSTs, showed H3K27me3 loss of expression. Furthermore, our study indicates that monoclonal antibody clone C36B11 is an appropriate reagent for the analysis of H3K27me3 expression, demonstrating a good correlation between IHC expression and the EED/SUZ12 mutation status in the vast majority (93%) of cases.
